Objectives: To compare the convergent validity of two measures of pain (premature infant pain profile (PIPP) and crying, requires oxygen, increased vital signs, expression, and sleepless (CRIES)) in real life postoperative pain assessment in infants. Methods: This study was a prospective, repeated measures, correlational design. Two staff nurses were randomly assigned either the PIPP or CRIES measure. An expert rater assessed each infant after surgery, and once a day using the visual analogue scale (VAS). Setting: A level III neonatal intensive care unit in a metropolitan university affiliated paediatric hospital. Results: Pain was assessed in 51 neonates (28-42 weeks of gestational age) after surgery. There was no significant difference in the rates of change between the pain assessment measures across time using repeated measures analysis of variance (F 50,2 = 0.62, p = 0.540), indicating correlation between the measures. Convergent validity analysis using intraclass correlation showed correlation, most evident in the first 24 hours (immediately, 4, 8, 20, and 24 hours after the operation). Correlations were more divergent at 40 and 72 hours after surgery. No significant interactions were found between gestational age and measure (F 304,4 = 0.75, p = 0.563) and surgical group and measure (F 304,2 = 0.39, p = 0.680). Conclusions: PIPP and CRIES are valid measures that correlate with pain for the first 72 hours after surgery in term and preterm infants. Both measures would provide healthcare professionals with an objective measure of a neonatal patient's pain.
Objectives: To compare the convergent validity of two measures of pain (premature infant pain profile (PIPP) and crying, requires oxygen, increased vital signs, expression, and sleepless (CRIES)) in real life postoperative pain assessment in infants. Methods: This study was a prospective, repeated measures, correlational design. Two staff nurses were randomly assigned either the PIPP or CRIES measure. An expert rater assessed each infant after surgery, and once a day using the visual analogue scale (VAS). Setting: A level III neonatal intensive care unit in a metropolitan university affiliated paediatric hospital. Results: Pain was assessed in 51 neonates (28-42 weeks of gestational age) after surgery. There was no significant difference in the rates of change between the pain assessment measures across time using repeated measures analysis of variance (F 50,2 = 0.62, p = 0.540), indicating correlation between the measures. Convergent validity analysis using intraclass correlation showed correlation, most evident in the first 24 hours (immediately, 4, 8, 20 , and 24 hours after the operation). Correlations were more divergent at 40 and 72 hours after surgery. No significant interactions were found between gestational age and measure (F 304,4 = 0.75, p = 0.563) and surgical group and measure (F 304,2 = 0.39, p = 0.680). Conclusions: PIPP and CRIES are valid measures that correlate with pain for the first 72 hours after surgery in term and preterm infants. Both measures would provide healthcare professionals with an objective measure of a neonatal patient's pain. E vidence supporting the existence of pain in infants has increased significantly in the last few decades. However, the subjective nature of pain makes measurement in infants challenging. New infant pain measures that have been used in research require further validation in the clinical setting. The premature infant pain profile (PIPP), developed by Stevens et al, 1 is an example of a composite measure for assessing acute procedural pain in preterm and term infants which has been developed and validated for use in research [2] [3] [4] [5] and, to a limited extent, clinical practice. 6 The crying, requires oxygen, increased vital signs, expression, and sleepless (CRIES) measure, developed by Bildner and Krechel 7 8 to assess postoperative pain, has also been primarily developed for research but has undergone limited clinical testing. 7 8 Further validation of CRIES and PIPP in the clinical setting is required. 9 Infants experience pain during the postoperative period as a result of the surgical procedure as well as from continuing postoperative interventions. It is of primary importance to determine the most useful way to assess postoperative pain. To date, no composite measures of infant pain have been assessed for construct-for example, convergent-validity in the clinical context of real time postoperative pain management.
Review of literature A number of infant pain assessment measures have been developed over the past decade. [10] [11] [12] However, most have had minimal testing outside of research, leaving clinicians with the challenge of determining if such measures could be valid, reliable, and feasible in clinical practice. 9 Bours et al 9 reviewed and described all current measures (published and unpublished) designed to assess pain in preterm and term infants. After reviewing these measures and their reliability, validity, and clinical utility, they rated CRIES 7 8 and PIPP 1 as two of the better multidimensional instruments. To determine concurrent validity of newly developed pain measures, further comparisons have been made with measures such as the visual analogue scale (VAS), the psychometric properties of which have been established. 13 PIPP consists of seven indicators including assessment of gestational age and behavioural state (contextual indicators), heart rate and oxygen saturation (physiological indicators), and facial actions-brow bulge, eye squeeze, and nasolabial furrow (behavioural indicators).
1 PIPP creates a score from 18 to 21 depending on gestational age, with 0-6 reflecting no pain, 6-12 reflecting mild-moderate pain, and above 12 indicating severe pain.
CRIES includes similar indicators to PIPP: crying, oxygen requirements, increases in heart rate or blood pressure, facial expression, and sleep behaviour. CRIES creates a score from 0 to 10, similar to most self report or observational measures of pain.
VAS is a continuous 10 cm line with the potential for scoring pain at any point on the scale-from no pain at 0 cm to severe pain at 10 cm. VAS is used to measure pain by observation in children below 4 years of age and self report in adults and older children. 13 
MATERIALS AND METHODS

Purpose
The primary purpose of this study was to prospectively compare (a) the convergent validity of PIPP and CRIES and (b) the convergent validity of PIPP and CRIES to the observational VAS in the context of real life postoperative pain assessment in infants.
The secondary purposes were to describe the patterns of pain intensity and resultant management strategies during the first 72 hours after an operation for infants of various gestational ages and to contribute to the overall construct validity of the pain assessment measures.
Design
A prospective, repeated measures, cohort design (with random assignment of raters) was used to assess the pain responses of infants in the first 72 hours immediately after surgery.
Setting
The study was conducted in a 42 bed, outborn, level III neonatal/surgical neonatal intensive care unit (NICU) at a metropolitan university affiliated paediatric hospital.
Sample
The convenience sample consisted of 51 infants who had received some sort of surgery. Criteria for inclusion were: between 28 and 42 weeks of gestation at birth; within the first 30 days of life; having surgery; not known to have neurological abnormalities or anomalies. The infants were stratified into the following groups by gestational age at birth: 28-31 weeks; 32-35 weeks; > 36 weeks. These strata were developed in consideration of infant development and to be consistent with the gestational age indicators specified in the infant pain measures.
The sample size was calculated on the basis of a minimal clinically significant difference between the measures of 20% and standard deviation of 1. With an alpha of 0.017, a sample size of 45 would provide 80% power.
Data collection
The hospital's research ethics review board approved the study. If parents agreed to be approached by the research assistant, the study was explained and consent obtained.
Raters
Three raters each observed each infant's pain and rated the pain independently. The primary pain measures (PIPP and CRIES) were randomly assigned to nurses 1 (the infant's nurse) and 2 (another staff nurse or charge nurse). Randomisation was determined before the start of the study using a table of random numbers and remained confidential until the time of data collection.
The expert rater consistently used the observational VAS to assess pain. At any given time interval, the expert rater could be one of two clinical nurse specialists (authors of this paper), both of whom had extensive experience in real life infant pain assessment and in researching the psychometric properties of pain measures. Inter-rater reliability (r = 0.90-0.95) was established before the study between the two expert raters and an infant pain expert.
Timing of measurements
The times at which the two staff nurses assessed pain in the postoperative period using PIPP and CRIES were as follows:
(1) During the first 24 postoperative hours: immediately after surgery (on return to the NICU) and every four hours thereafter. (2) For the subsequent 24-72 postoperative hours as per the following protocol:
(a) every eight hours when receiving continuous infusion analgesia (b) every eight hours when receiving no analgesia (c) every eight hours and before all analgesia administration and at the analgesic's peak effect time (one to two hours after administration) when receiving intermittent bolus analgesia.
The observational VAS score was completed during the preoperative assessment, immediately after surgery (on return to the NICU), and once every 24 hours for the subsequent 72 hours. VAS measurements were consistently recorded at a time when PIPP and CRIES were pre-scheduled. The timing of daily VAS measurements depended on the availability of the expert rater and the assessment schedule and thus varied across the study.
Data analysis CRIES, PIPP, and VAS scores were calculated and double checked for each postoperative event for each infant. Basic data were analysed using SPSS and correlational data and repeated measures analysis of variance using SAS. A descriptive data analysis was performed to determine measures of central tendency (means, medians, ranges, and standard deviations) and distribution of the data.
Convergent validity was evaluated by comparing the within subject variation for both the PIPP and CRIES scores and the PIPP, CRIES, and VAS scores using intraclass correlation (covariance matrix method). PIPP was scaled differently from CRIES and VAS and hence needed adjustment to be comparable with the other two.
The pattern of pain intensity across time was established by comparing the slopes for each measure. A slope was calculated for each subject using a linear regression model. This was done for each of the three pain measures. Hence the data analysed using a repeated measures analysis of variance were rates of change rather than raw pain scores. Distributions of the slopes from all three measures were assessed, and histograms showed minor deviations from normality.
The data were examined further to determine the interaction between pain scores and other factors. The measures (CRIES, PIPP, and VAS) were considered to be the between subject factors, and gestational age and type of surgery were the within subject factors.
RESULTS
A total of 51 infants were separated into three gestational age groups, with six in the 28-31 weeks group, 10 in the 32-35 weeks group, and 35 in the greater than 36 weeks group. Most were in the last group, which reflects the outborn, largely term, newborn surgical NICU population. As expected, there were significant differences in weight and Apgar scores between the three groups, which can be attributed to gestational age (table 1) .
For analysis, the infants were grouped according to whether they had received minor or major surgery. Minor surgery included procedures for the following diagnoses: cataracts, one (2%); small sacral teratoma, one (2%); urology (small bladder extrophy), one (2%); pyloric stenosis, two (4%). Major surgery consisted of intra-abdominal procedures, including gastroschisis and omphalocele repair (six (12%)), necrotising enterocolitis (three (6%)), and bowel resections due to congenital atresia, meconium plug, etc (20 (39%)), and intrathoracic procedures such as patent ductus arteriosis ligation (four (8%)), lobectomy (one (2%)), and cystic hygroma and tracheo-oesophageal fistula repair (12 (23%)) (fig 1) . The minor and major categories were determined through consultation with local experts (surgeon and anaesthesiologist) and based on the following: site of surgery; duration of surgery; amount of tissue damage; and associated stress factors (criteria adapted from Anand and Aynsley-Green 14 ).
Convergent validity
Convergent validity is defined as the extent to which two or more instruments that purport to be measuring the same construct agree with each other. 15 16 The convergent validity of the pain assessment measures used in this study was established by comparing the within subject scores determined for the CRIES and PIPP measures and the within subjects scores for CRIES, PIPP, and VAS at each measurement time.
On examination of the overall intraclass correlation profiles, there was no difference between the measures, indicating correlation. Some measurement time points (immediately, 4, 8, 20 , and 24 hours after surgery) show moderate correlation, whereas others are more divergent (40 and 72 hours after surgery) indicating fair correlation (tables 2 and 3). The classification of correlation was based on categories developed by Landis and Koch. 17 The categories are described as: 0.81-1.0, almost perfect; 0.61-0.80, substantial; 0.41-0.60, moderate; 0.21-.40, fair; 0.00-0.20, poor.
Repeated measures
Repeated measures analysis of variance of the main effects and interactions among gestational age, type of surgery, and the pain measures was performed. There was no significant difference in the slopes of change between the measures (F 50,2 = 0.62, p = 0.540). There were no significant differences between gestational age groups (F 151,2 = 1.37, p = 0.265) or between surgical groups (F 151,1 = 2.87, p = 0.973) (table 4). Also, no significant interactions were detected when gestational age and measure (F 304,4 = 0.75, p = 0.563) and surgical group and measure (F 304,2 = 0.39, p = 0.680) were compared.
Patterns of pain response over time
When the change in pain scores over time were examined, a consistent pattern emerged across all three measures (fig 2) . The highest pain scores occurred immediately after surgery, followed by a gradual decrease over the first 12 hours. Pain 
increase during the third day coincides with the clinical practice of converting analgesic management from opioid to non-opioid drugs.
The slopes of change for all subjects showed correlation as no difference was detected between pain measurements using PIPP, CRIES, and VAS. For ease of display, fig 2 is presented using raw data versus slopes of change.
Patterns of analgesic pain management over time
The primary analgesic used in this study for postoperative pain management was morphine (46, 92%). Of the remaining infants, four (8%) received acetaminophen for pain relief, and one who had a minor procedure did not receive analgesia. No patients received epidural infusions or caudal blocks during or after surgery. Most infants returned to the NICU unreversed and ventilated. No other sedatives or muscle relaxants (except those given during surgery) were used with any of our patients at the time of the study.
Forty five infants received continuous morphine infusion. The mean (SD) doses across time were 15.5 (9.8) mg/kg/h immediately after surgery, 13.4 (8.7) mg/kg/h 24 hours after, 12.6 (11.1) mg/kg/h 48 hours after, and 12.8 (11.0) mg/kg/h 72 hours after. Three infants (6.5%) were weaned from morphine by 24 hours, seven (15%) by 48 hours, and 22 (48%) by 72 hours.
DISCUSSION
The CRIES pain measure has been previously validated in term infants after surgery 7 8 whereas the PIPP measure has been validated in term and preterm infants with procedural pain for treatment and diagnostic purposes. 1 5 6 This study shows that CRIES and PIPP are valid measures for assessing postoperative pain in neonates, both term and preterm.
Correlation was established between CRIES, PIPP, and observational VAS for the first 24 hours after surgery. Thereafter, at 48 and 72 hours, correlation was limited (0.07 and 0.26 respectively). Similar conflicting findings are evident in the neonatal literature where the observational VAS correlated 18 19 and failed to show correlation with other pain assessment. 20 21 There are several possible explanations for the limited correlation with the VAS after 24 hours. Firstly, the timing of the VAS measurements depended on the availability of the expert raters and thus varied across the study. The only consistent measurement time between PIPP, CRIES, and VAS was immediately after surgery. Thereafter the VAS measurements occurred at any of the three potential times in each 24 hour period. This resulted in inconsistent time comparisons, small sample sizes, and insufficient power for adequate comparison of the measures.
Secondly, pain assessment using the observational VAS is subjective, and thus pain intensity ratings may have varied between the two expert raters in spite of the restriction to two raters and the establishment of high inter-rater reliability before the study (r = 0.90-0.95). Furthermore, the VAS scores determined by the expert raters in this study were noted to be lower than the PIPP and CRIES scores. This is similar to the findings of Buchholz et al 21 where experienced raters assigned lower pain scores using the observational VAS than less experienced raters using the modified infant pain scale when assessing pain in neonates after surgery. The discrepancy in scores was thought to reflect bias of experienced observers. 21 Finally, there are limitations when the VAS is used in an observational capacity in children under 4 years of age, such as in this study. The observational VAS relies on a single item, whereas CRIES and PIPP are multivariate composite pain assessment measures which may result in a more objective comprehensive assessment. Lawrence et al 20 had a similar finding when comparing the neonatal infant pain scale, a structured multivariate measure, with the observational VAS. When comparing the inter-rater reliability, they found that the unstructured observations of the VAS resulted in more variability in scores than the structured ratings of the neonatal infant pain scale (r = 0.53-0.84), and correlation was not established.
When the change in pain scores was examined over time, a consistent pattern emerged across all three measures (not influenced by surgical procedure or gestational age group). The highest pain scores occurred immediately after surgery, followed by a gradual decrease over the first 12 hours. Thereafter, pain scores remained relatively low throughout the study (, 2.2). It is unlikely that the raters had any bearing on the low scores. The raters were randomly assigned the pain measure just before assessment and performed assessments independently. The low pain scores are most likely due to the method of postoperative pain management. All infants received analgesics during the operative procedure (either fentanyl or morphine). Also, all infants received additional analgesics on return to the NICU, primarily continuous intravenous infusion morphine at a dose of 10-15 mg/kg/h. The influence of pain management strategies became more evident in the 48-72 hour postoperative period when scores started to rise slightly at the same time as 48% of infants had their analgesia either discontinued or converted from opioid to non-opioid treatment (from intravenous morphine to oral Tylenol).
Our division of infants into the two surgical categories, although carried out in consultation with our surgeons and using components of the criteria of Anand and AynsleyGreen, 14 would not necessarily be easily replicated, as it was biased by our institution's practices and surgical techniques. This is a limitation of the study.
There were no significant main effects between gestational age groups or surgical groups. Furthermore no significant interactions were detected when gestational age groups and measure and surgical group and measure were compared. These results may have been influenced by the diverse nature of the study population, including diverse diagnoses and surgical procedures, and a convenience sample that was largely distributed in the greater than 36 weeks gestational age group.
CONCLUSIONS
In conclusion, no significant difference was detected in the slopes of change between the three measures. CRIES and PIPP correlate with VAS in the first 24 hours after surgery when term and preterm neonates are assessed. In addition, CRIES and PIPP are valid measures and are correlated when pain is assessed for the first 72 hours after surgery in term and preterm neonates. Both measures would provide an objective measure of a neonatal patient's pain after an operation. This is the first step to ensuring adequate postoperative pain management.
The pain scores in our study population were low, probably because of effective use of pharmacological methods of pain management. Data were not collected on nonpharmacological methods, and it would be interesting to determine how much the combined implementation of pharmacological and non-pharmacological interventions contributed to our low pain scores. Because of the nature of our NICU, our study population was heavily weighted towards the larger, closer to term infant. Therefore both measures require further evaluation with neonates of lower gestational age (, 32 weeks).
